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Téléphone : 01 39 63 55 11 - International : +33 1 39 63 55 11
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es ¡lsig,ls £r\e	ÃC§£rjl}rj¦N])^	eseog,^wg,eses ¡\ ¡e¸qf^½Ci\ ¡qs^ £loZ\^Ë\^	l¢¸rqs¹lorÈ¹j^	^loZµ^Ë ¡µ¦Prqs])g,ls £r
r\ef £enlo^¨l-g,\Æ,gj§£ ¡gulw^gjZ\rL\^jÃU´Cm'qf^i\§£gjqs§¼m'gj\\rji\\ ¡\)lsZ\^Z\gj\^	eb\i\^ÈlsrloZµ^
])r´µ £§£ ¼lmÃCrq¦Tgj ¡§£i\qf^wrj¦§£ ¡\¹CeÃ\^#lojº
YZµ^es^)gj\µri\\	^]_^¨loegj´Rriµl¾lsZ\^Zgj\j^egjqs^¿µ^efls £\^	lor^hgjZÉ\rL\^¿rj¦}loZµ^¿\^	ln·
¢"rqf¹6º"iµl-]_refls§¡mjÃDgj§£§5loZ\^¿µr²\^	ebrj¦}loZ\^¿\^#l¢"rjqs¹Égjqf^¤\rjl- ¡loZ\^¿qsgj\ £rqsgj\^¿r,¦¸^gjZ
rjloZ\^	q&lorr]_]¤i\\ ¡hg,ls^\ £qf^#lo§¡mjº²r-loZ\^	qs^y]¤i\enl"´R^yg]_^Zg,\ £ef]7lorqs^hg,Z)loZµ^y¦Tgjq}gh¢"gm
\r²µ^ewlsr¹j^^	loZ\^	]  ¡µ¦Prqs]_^rj¦&loZ\^§©g,ls^eflwZgj\j^eºÈvË^	qs^¤	r]_^ewlsZ\^¤rj\^	µl-rj¦ 
Ya- +! 5"+4F¢Z\ £Zef^qfÆj^bgje¸qs^§£ghm²e}lor¤\gjese}loZ\^¾]_^efeogjj^e"´R^	l¢¸^^	loZ\^Ëesri\qf^bg,\
loZ\^-\^	eflo ¡g,ls £r º
Á Zµ^g-]_^esesgj^ £eÄ¦Prjq¸gbefU^	  \Ë\^	efls £g,ls £rNÃloZ\^\^#lo^qf]) ¡g,ls £r¿rj¦UloZ\^ ¡Cls^qf])^	\ ¼·
g,lo^b\rL\^	e £e ef £]_\§£^ &gj§£§6loZµ^µr²\^	e ¢Z\ £Z¦Prqf]$lsZ\^bg,lsZÂªP ¡¦ ¼l^#k² £enloeo¬¸¦Pqsr] loZ\^befri\qs	^
i\Alsr)loZµ^È\^	efls £g,ls £rAgjqf^lsZ\^,a- +!Y 5"+4#º"YZ\^ef^¤\rL\^eËgjqf^^iµUrAg)]_^ZL·
gj\ £ef] lsr¿qs^·Ûloqsgj\ef]) ¼l"loZµ^b])^	eseog,^jÃrlsZ\^ ¡q"loiµqs Ã\efr¿loZg,llsZ\^b]_^esesgj^b ¡e esi\	^	esef¦Piµ§£§¡m
loqog,\ef¦P^	qs^<lorlsZ\^\^enlo ¡g,lo ¡r º   ¡ÀU^qf^¨l_qsri²lo £µ\qsr,lorLr§¡e¤\^ef £\g,lo^,Ã¸ ¡loZ\^	 £q¤r¢
]gjµ\^q	ÃµloZ\^	es^ £¨lo^	qs]_^\ £g,lo^w\r²µ^e¦Prq loZµ £ei\\ ¡hgjenlygj¹j^#lË¦Prjqf¢"gjqs\ ¡\\º
YZµ^\qsr´µ§£^]gjqf £es^	eÄ¢Z\^¿lsZ\^gj¹,^	l} £e\rjl&\^	efls £\^	lsr-g¾esR^	  \rL\^,Ã¨qog,lsZ\^qÄ ¼l& £e
g´µqsr¨gjµhgjenlw]_^efeogj^b¦Prqg,§£§NlsZ\^-\r²µ^ey £loZ\^-\^#l¢"rjqs¹6º ÊyrW¢¶loZ\^blg,es¹rj¦F\^	ls^qf]) ¡\ £\
loZ\^  ¡¨lo^qf])^	\ ©gulo^"µr²\^	eÄ¢Z\rb¢ £§¡§L¦Prqn¢ g,qs¤loZµ^gj¹j^#l} £eÄ\r,lÄÆ^	qfm¤^gjefmjº|vËr¢³esZ\riµ§£¤loZµ^
\r²µ^eF´R^Z\gÆj^esrwlsZg,lloZ\^ ]_^efeogjj^" £eqs^gjZ\^¤lsr¾^	Æj^qnm¤\rL\^" ¡ÈlsZ\^ \^#l¢"rqf¹! :­ef £]_\§£^
esr§¡iµlo ¡r¿ £e&loZ\g,l|^hgjZ)\rL\^qs^#·«loqsgj\es]_ ¡lFloZ\^y])^	esesgj^jÃ¨¢Z\^	 ¼l|qs^	^ ¼Æ^e¸ ¡l&lsZ\^ qsenl}ls £]_^jº
ÌF £ ` efZ\r¢e&gj^kµgj])µ§£^|¢Z\^qf^gwgj¹,^	l&rjqs £j £g,ls^-´¨mµr²\^#" £e5\ ¡ÀUi\ef^¤i\Èlor¾W·Z\rµe
¢ ¡loZ   qs^	lsqogjµes]_ £esef £rµeºYZ\^Ègj¹j^#l¾ ¡eËqf^	loqsgj\ef]) ¼lslo^	A´¨mloZµ^ £¨ls^qs]_^µ ©g,ls^µr²\^	eylsr
´U^\ ¼ÀNi\ef^± £ÉloZ\^_\^	l¢¸rqf¹RºÁ±^_hgj§¡§FloZ\ ¡eÈ	r]_])rls^Z\\ ¡½Ci\^gjeG_\i\qs^°rLr²µ £\`oºxÛl
 £ees ¡])\§¡^jÃ\^gjefmlsr) ¡])µ§£^]_^¨lÃ\gj\A ¡Æj^eygZ\ £Z'\qfr´gj´\ ¡§£ ¼lm)lsZg,ly^hgjZA\rL\^jÃ¢Z\ ¡Z £e
\rjlË £esrj§©g,ls^¦Pqsr] lsZ\^\^	l¢¸rqs¹6ÃR¢ £§£§Dqf^	^ ¡Æj^ÈlsZ\^´\qfr¨gj\gjeflË]_^esesgj^,ÃU´\i²lw ¼lË	r\efi\])^	e
g§£gjqsj^bgj]_ri\¨lrj¦´gj\µ¢ ¡µloZ'´R^hg,i\es^rj¦esr_]gj¨mqs^µi\\gj¨lËqs^#loqog,\es]_ £efes £rj\eº
x_^	qflogj £_rµ\ ¡ls £r\e	Ã¨gj\_gjqnlo ¡i\§£gjqs§¼m ¡lsZ\^6_¢ ¡qs^§¡^efe>`µ^	l¢¸rqs¹CeÃLloZ\^yghÆ,gj £§£gj´\ ¡§£ ¡lm
rj¦¸lsZ\^§£ ¡]) ¼lo^Aqs^	esri\qf^	eÈ ¡Éls^qf])e-rj¦¸´gj\²¢ £µlsZ»gjgj	 ¡lmqf^½Ci\ ¡qs^e-i\eblsr'qf^enloqs ¡	l-loZµ^
loqogu®)¤gje¾]¤i\Z»gjewUrefes ¡´\§£^,ºbxÛ¦}lsZ\ £eËrµefloqsgj £¨lbr,¦}¢ ¡qs^	§£^efe¾]_^\ ¡i\]  £ewµrjlbrj\es ¡\^qf^
$&% e'$&(
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24
retransmissions
to diffuse
a message
upto
3-hops
ÌF ¡i\qs^`    ¡ÀUi\es ¡rrj¦´\qsrgj\hg,efly])^	esesgj^-i\es ¡\\i\qf^-°\r²rL\ £µ
¢Zµ £§£^&µ^es ¡\ ¡\wg,gj§¡rqf ¡loZµ]AÃlsZ\^|\^	l¢¸rqf¹])ghmbesi²ÀN^	q5¦Pqfr] R^qf¦Prjqs])gj\^|\^	qog,g,lo ¡r\e
µi\^lsrZ\ £Z'rÆ^	qs§£rgj\erqrµ^enlo £rj Ãµ¢Z\ ¡Z])gmg,lslogj £\qsgj	ls £gj§£§¼mgZgj§¼lrj¦FenmLeflo^	]AÃ
¢Zµ £§£^ÈloZ\^¿°rLr²µ £\r,¦"´\qfr¨gj\gjefl-\gj¹j^#loe ¡e¾§©g,i\\Z\^	± ¡loZ\^\^#l¢"rqf¹6º¾Ér\^¿Z\gj\ Ã
lsZ\^Ë°\r²rL\ £µr,¦D´\qsrgj\hg,efl¸])^	eseog,^e¸ £e}\^	^esesgjqfmjÃ\esR^	 ©gj§¡§¡m £)lsZ\^y])r´µ £§£^^	¨Æ² ¡qsrµ])^	Cl
lsr¹j^^	'lsZ\^b]_r´\ £§¡^w\rL\^	eqs^])gj ¡ £rjClogj	l´¨mqf^iµ§©gjqf§¡m_\ ¡ÀUi\ef £\¤lsZ\^bi\Rg,lo^	eº"iµl
rj_lsZ\^Ër,loZ\^	q¸Zg,\ ÃC ¡l} £e|\r,l"g,\\qs^	 £g,lo^ygj´\§¡^^ ¡lsZ\^q&lsrg,ÀU^#l¸lsZ\^ygj	lsigj§¢¸rqs¹C £µÈrj¦UloZ\^
enmLeflo^	] \i\^blor¿loZµ £egj\µ ¡lo ¡rgj§Ur¨lsqsr§ lsqog,®_jº
{ÄÆ^	qfmµqsrjlsr²	r§iµes^ewesr]_^¤¹C £\)rj¦&°rLr²µ £\)rj¦&loZ\^r¨loqfr§F]_^efeogjj^eÃU¦Prqw ¼loe¦Pi\\#·
ls £rµ £\   Ã   esrË ¡l5 £eDÆ^	qfmÈgjµÆ,gj¨logj^rji\e5lsrËrjµlo ¡]) ¡Ç^& ¡lseqs^efri\qf^}r\efi\]_µlo ¡r º5YZ\^qf^
g,qs^_]gj¨mls^Z\\ ¡½Ci\^e¤µ^es	qs ¡´U^	 £»loZ\^_§£ ¼lo^qsg,loiµqs^¿lorA§£ £]_ ¡lËloZ\^_°rLr²\ ¡\rj¦´\qfr¨gj\gjefl
lsqog,®_  Ã	   º {|gjZls^Z\\ ¡½Ci\^Zg,ey ¼loer¢gjqf^hgrj¦&g,\\§£ ¡hg,ls £rg,\^gjZZg,eË ¼loer¢
g,µÆ,gj¨lgj^	e¾gjµ\ £esgjµÆ,gj¨lg,^e	ºwvy^qs^,ÃU¢¸^¢ £§¡§D\ £efi\efewloZµ^]_^Zgjµ £es] rj¦ _z]¤i\§¼lo ¡Ur ¡¨l
qf^§£gmL ¡\`¾gjer\^-rj¦5loZ\^-Rresef £´\§¡^besr§¡iµlo ¡r º
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¹,^	lº YZµ £e¿lo^	Z\\ £½Ci\^'qs^	eflsqs £#l¿loZ\^
Ci\]´U^	q rj¦Dqf^#·Ûlsqogjµes]_ ¡lsls^qfe"gje¸]¤i\Zgje¸Urjeses ¡´\§£^y´¨m^#®_ £^	¨lo§¡m)es^	§£^		lo ¡\¤gÈes])gj§£§6esiµ´\es^#l
r,¦Uµ^ £jZL´RrqfeÄ¢Z\ £ZrÆj^qsewªT ¡¤lo^	qs]_eÄrj¦Ur\^#·ÛZ\r¿qsgj\ £rbqsgj\^h¬5loZµ^eogj]_^\^	l¢¸rqf¹¤qs^	 £r
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retransmitting
nodes
Ì £i\qf^   ¼ÀNi\ef £rrj¦´\qfr¨gj\gjefly]_^esesgj^bi\ef £\_]¤i\§¼lo ¡Ur ¡¨l"qf^§©ghmLe
¢Z\ £ZlsZ\^¿r]_\§¡^	lo^Èes^#l-rj¦}\^ ¡ZC´Urqfe¾\rL^e	ºÈYZ\ ¡e¾es])gj§¡§efi\´\es^#lrj¦}\^ ¡ZC´Urqfe¾ £eËhgj§¡§£^	
  V c  Ó c U) Ï P Ð  rj¦¸gj ¡Æ^	\^	l¢¸rqf¹\r²µ^jºYZµ^_efZ\^]_^¿rj¦¸]¤i\§¼lo £Rr ¡Clyqf^§©ghmLe_ªTrjq
p|cyeo¬µqsrÆL £\^	eËg,Ag,\^½Cig,ls^-esr§¡iµlo ¡rlor¿qf^\i\	^lsZ\^¾°rLr²µ £\¿rj¦´\qfr¨gj\gjefl]_^efeogj^	e
 £lsZ\^¿\^	l¢¸rqf¹RÃ ¢Zµ £§£^g,lslogj £µ £\_loZ\^¤esgj]_^¤r¨gj§rj¦&loqsgj\en¦P^qsqf £\lsZ\^¤]_^efeogj^¤lsr^	Æj^qnm
\r²µ^A ¡ lsZ\^Aµ^	l¢¸rqs¹<¢ ¡lsZ g»Z\ £Z \qfr´gj´\ ¡§£ ¼lmº³ÌF £ ÉesZ\r¢eg, ^#kµgj]_\§¡^¢Zµ^qs^g
´\qsr¨g,\hgjenl])^	esesgj^brj¦\rL\^ "  ¡e \ ¡ÀUi\ef^' £loZµ^b\^	l¢¸rqs¹iµes £µ¤loZ\^-]¤i\§¼lo ¡Ur ¡¨l"qf^§©ghmLeº
x'lsZ\ £egjes^,Ã ¡llorLr¹)r\§¡m``-qs^#loqog,\es]_ £efes £rj\e ¦Prqg¿])^	esesgj^blorqs^gjZiµ'lsr)W·Z\rµeº
'i\§¡ls £Rr £¨lqs^	§©ghmL £\'lo^Zµ\ £½Ci\^¢¸rqf¹Le¿ ¡gµ £eflsqs ¡´\iµlo^	Â¢"gmjÃ&¹j^	^\ ¡\ £»Æ² ¡^	¢loZµ^
])r´µ £§£^g,\\ ¡esR^qfes^g,loiµqs^wr,¦ loZ\^y\^#l¢"rqf¹)µr²\^	eº|{|gjZ\rL\^yhgj§¡i\§£g,lo^	e¸ ¼loe|r¢es^#l
rj¦]¤i\§¼lo £Rr ¡Cl-qf^§£gmLe	ÃF¢Z\ £ZÅ ¡e	r])µ§£^	ls^§¼mÉ £\\^	U^	\\^	Clr,¦rjloZµ^q¤\rL\^	e Fef^§¡^	ls £rÂrj¦
loZ\^	 £q|p|ceº&{|gjZ_\rL\^qs^gj	lseÄ¢Z\^_ ¡lseÄ\^	 £ZC´RrqsZ\rLrL¿\r²µ^e&Zgjµ^gj\_gj	rqf\ £\j§¡m
])rL\  \^e  ¼loeyp|c es^#lËlsrrÆ^	qË ¼loe l¢¸r,·Z\rjA\^	 £ZC´Rrqse	º
:ËÂ ¡])Rrqflogj¨l-gjefU^		l¦Prjq¾loZ\^_iµlo ¡§£ ¡Çhg,ls £rr,¦"loZµ^)]¤iµ§¡lo ¡Urj £¨lbqs^	§©ghmLe- £ebloZ\^_])gj\\^	q
 £¢Z\ ¡Z»lsZ\^ef^)]¤iµ§¡lo ¡Urj £¨lwqf^§£gmLegjqf^¿es^§¡^#lo^»´¨mÉ^hgjZ»\rL\^jº_¾´¨ÆL £riµes§¡mjÃ loZ\^rgj§Ä £e
lorgjZµ £^	Æj^loZ\^])guk² £]i\] U^	qf¦Prqf]g,\^´¨mÂes^§¡^#lo £µgjÅrµls £])gj§|es^#l¿rj¦loZ\^	es^'p|ce
´CmA^hg,Z\r²µ^jº
¸iµl¾loZµ £eËlogjes¹ ¡ew\rjl¾g)loqf ¡ÆL ©g,§Dr\^jºwxÛ¦&loZ\^¤]_^Z\gj\ £ef] rj¦|es^	§£^#lo ¡\loZµ^
p|cye_ £elorLr±ef £]_\§£^,Ã¸ ¼l]ghm<\r,lef^§£^		l)^	®_ ¡^¨lo§¼mÅloZ\^p|ce £<loZµ^AµmLg,]) ¡Ag,\
r]_\§£^kef ¡loi\g,lo ¡r\eÃ\gj\loZ\^-^#k²R^#lo^U^	qf¦Prqf]gjµ^b¨gj ¡¢"riµ§£'\rjl´R^Èg,Z\ £^#Æ^Nº¾
loZ\^¤r,loZ\^	qwZgjµ ÃN ¼¦ÄloZ\^¤gj§£rjqs ¡lsZ\] rj¦¸Ap}c es^	§£^#lo ¡r £eyÆ^	qfmA§£r\gj\	r])µ§£ £g,lo^	'lsr
\qsrÆL £\^)g 5   	 -  p|c es^	lÃF ¼lÈ])ghm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Wk ¤qf £ º
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ZÆ,gj§£iµ^brj¦lsZ\^-\qsrj´gj´\ ¡§£ ¡lm)rj¦^qfqsrq	º
xri\qwef £]¤iµ§©g,ls £r\e	Ã\¢"^¤gj\rµls^	^qnl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lorLr§©¬¸r\§¼mrµ^jº
 YZ\^qf^ ¡e¾g)enmL\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¹j^#l¾qs^#loqsgj\es]_ £efes ¡rA´¨m^gjZ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Z'\rL\^b]¤i\enlqs^	lsqogjµes]_ ¡l"lsZ\^-gj¹,^	lhÃ
rj\^,ÃrA ¼loe lsi\qs º
x\i\qs^  ²Ã¨loZµ^ qfefl jqogj\Z)esZ\r¢e}loZg,l¸Z\r¢ ])gj¨mrj¦ loZµ^w\rL\^e¸Zgje}qs^#loqog,\es]_ ¡lflo^
lsZ\^])^	esesgj^jÃrlsZ\^_gÆj^qsgj^jº_Ìrq¾]i\§¡ls £Rr £¨l¾qf^§£gmL ¡\\ÃNlsZ\ £e ji\qs^¿¢"gje-½Liµ ¡lo^¿§¡r¢7gje
rj\§¡mÅef^§¡^	ls^­µr²\^	e)Z\gj qf^	loqsgj\ef]) ¼lslo^	 lsZ\^'gj¹j^#lhÃenlo £§¡§gjZ\ ¡^	ÆL £\ÉloZµ^A	r])\gjqogj´µ§£^
R^qn¦Prqs])gj\	^ªTgjeesZ\r¢ ¡±qf^eflÈrj¦ lsZ\^_qogjµZ\e¬º Ë\§¡^ese-loZµ^^qfqsrqqogulo^¿¢ g,eÈlorLr'Z\ £Z
¢Zµ^qs^g,§£§&loZ\^)\rL\^e¢¸^qf^\rjl¤gj´\§£^_lorqf^	^ ¡Æj^loZµ^gj¹,^	lhÃ| ¡Âhg,es^rj¦µi\qs^°\r²rL\ £µ\Ã
rj´CÆL ¡ri\es§¼m» ¡l¢"gjegj§¡§&loZ\^`h¨   \rL\^	e¢Z\ £ZÅqf^	lsqogj\ef]) ¼lsls^ º.:Ëegqs^	esi\§¼l¤rj¦lsZ\ £e	ÃFloZ\^
ef^	r\qsgj\ZefZ\r¢e¾loZg,lË £\i\qs^°rLr²\ ¡\\Ã6rghÆj^qog,^jÃNlsZ\^µr²\^	e¾ZghÆ^qs^	^ ¼Æ^lsr²r
eKegfhjikjlk
`    - )- Q K 5	  04
 Q!
0
200
400
600
800
1000
1200
0 20 40 60 80 100
N
um
be
r 
of
 r
et
ra
ns
m
is
si
on
s
Probability of error in reception
Number of retransmissions in the network
Flooding using MPR
Pure flooding
0
5
10
15
20
25
30
0 20 40 60 80 100
N
um
be
r 
of
 ti
m
es
, t
he
 s
am
e 
m
es
sa
ge
 is
 r
ec
ei
ve
d
Probability of error in reception
Duplicate message reception
Flooding using MPR
Pure flooding
ÌF ¡i\qf^  |ÊËiµ]¤´U^	qrj¦Fqf^	lsqogj\ef]) ¼lsls £\¤µr²\^	eÃ6gjµ'lsZ\^-\i\\§¡ £hgulo^bqs^	^	µlo ¡r\e
]gj¨mA\i\\§¡ £g,lo^¤	r\ ¡^ebrj¦|loZµ^¿eogj]_^¿])^	esesgj^gjeb	r])\gjqs^	lorloZµ^¿hgjef^_r,¦¸]i\§¡ls £Rr £¨l
qs^§£ghm² ¡\\º
xÈrµls £]_ £Ç ¡\"lsZ\^&°r²rL\ ¡\ygj\qs^µi\ ¡\ËlsZ\^&loqogu®)}´¨m-]¤i\§¼lo £Rr ¡ClNqs^	§©ghmL £\\ÃWloZµ^qs^} £e
gef]gj§¡§\qs ¡^lorghmÃ²gj\_loZg,l¸ £e&lsZ\^Ëqfr´\i\enlo\^	ese r,¦NloZµ^w\qfrjlorLr§ ¡_Æ,gjqnmL £\rµ\ ¡ls £r\e
rj¦"^	qsqfrq-qog,ls^eº_x»\i\qs^¿°rLrL\ £\µÃgje-^hgjZ±\r²µ^_qf^	lsqogj\ef]) ¼l¾¢ ¡lsZ\riµl-^k²^²lo £rj Ã5lsZ\^qf^
gjqs^Ë])rqf^ËZ\gj\^	e loZgul"loZµ^w]_^esesgj^Ëqs^hg,Zg,l"lsZ\^w])guk² £]¤iµ] rj¦D\rL\^e	Ã\gje"r]_gjqf^)lsr
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ÌF £iµqs^efZ\r¢e-lsZ\ £eË¦Tgj	lÃ ´¨mrj])g,qs £µl¢"r\qfrjlorLrj§£eº¾Á±^¿r´\ef^qnÆ^¿loZgul¾¢Z\^ÉloZµ^
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